During 1994 a cross-sectional survey was carried out on a sample representative of the population in Qena Governorate, Upper Egypt, to investigate the relationship between intestinal helminthic infection among children and a wide range of variables (demographic, behavioural, cultural, socioeconomic, and environmental). Data were collected by direct observation and by administering a questionnaire to mothers in charge of the household in a sample of 768 households representative of the entire population in the governorate. A stool sample survey was conducted at the same time on all children 2-12 years of age living in the selected households (n ¼ 2657). Diagnosis of intestinal helminths was made on the basis of the Kato-Katz thick-smear technique. After univariate analyses, conducted to define associations among individual, familial, and community variables and prevalence of infection, the relevant variables were included in a multivariate logistic model to assess the importance of each factor as an independent determinant of infection. Several factors were independently associated with increased risk of intestinal helminth infection. In particular, the age of the child (between 4 and 5 years) (individual), the age of marriage for the mother (cultural), type of garbage disposal (household), and type of settlement (environmental) gave the highest predictive value for infection. The present results are consistent with those of former studies and highlight the importance of a multisectoral approach in the control of intestinal helminth infection.
Introduction
Infections with intestinal helminths are among the most common intestinal infections of humans. They occur worldwide and are most prevalent in the poorest communities of the developing world. 1 A number of studies have been conducted to assess the adverse effects of helminth infections on these populations and most results suggest that even a moderate intensity of infection may result in delays in growth and development, particularly for children of school age. [2] [3] [4] Distribution of infection among the population was also studied extensively to identify risk factors and predisposition to infection in order to design more effective control programmes.
It has been observed repeatedly that infections with intestinal helminths usually cluster and at least two factors are now considered important determinants of infection among the population: age predisposition and family aggregation. The predisposition to infection and reinfection with intestinal helminths of a particular age group, regardless of its cause and mechanism (immunologic, biologic, behavioural), shows a clear trend 5, 6 and most studies are consistent in defining age distribution curves for each parasite. 7 Family predisposition, which has been observed in various studies, [8] [9] [10] is still a subject of research to identify hygienic, cultural, and behavioural factors associated with a high prevalence and intensity of infection in the household. Former studies suggest that host genetic factors are not a major determinant of infection status 11 and they are overwhelmed by other, environmental factors such as crowding in the household 12 and type of floor. 13, 14 The influence of other behavioural and socioeconomic features of the family household such as hygienic habits and maternal literacy, probably influencing the rate of transmission, have received little attention.
The aim of the present study was to investigate further family aggregation and other determinants of intestinal helminthic infections, in a broader context than other studies (an entire region, total population three million people) and using a wide range of variables (individual, behavioural, cultural, household, and environmental).
Materials and methods
The study covered the entire Governorate of Qena, Upper Egypt with an estimated total population of 2 574 000 inhabitants in 1992. 15 Most of the people (84.4 per cent) live in rural villages along the River Nile, the rest of the population lives in villages close to the desert and in urban and semi-urban areas. 16 The survey consisted of interviewing mothers from households selected by a two-stage random cluster sampling technique with probability of inclusion proportionate to size. 17 The total sample of 768 households, representative of the entire Governorate, was divided into 64 clusters of 12 units each. Clusters were coded either as town, river village, or desert village. One mother with one or more children aged 2-12 years was interviewed in each selected household. A parallel stool sample survey was conducted on the same population collecting faecal specimens from all 2-12-year-old children present in the selected household (total n ¼ 2657). The faecal samples were analysed using the Kato-Katz technique to detect intestinal helminths. 18 The child was considered infected if excreting eggs from any intestinal helminth.
Data were entered using the EPI NFO (version 5.1) software package. Association was measured through the calculation of odds ratios. Univariate and multivariate logistic models were applied using a specific software (Stata, release 5, XTGEE function) 19 to take into account dependence between children of the same household. Dependence was controlled through the generalized estimating equation (GEE). 20 The final multivariate model was obtained following the model building strategies suggested by Hosmer and Lameshow. 21 
Results
At the end of the survey a total of 768 interviews and faecal analyses for 2657 children had been conducted. On average, 13.5 per cent of the children were excreting eggs of one or more of the five parasites (H. nana, A. lumbricoides, E. vermicularis, T. trichiura, and hookworm) present in the area 16 and 35.5 per cent of the households had at least one child harbouring worms. The results of the univariate analysis are presented in Table 1 , where the variables are listed as individual variables (child, behavioural), family variables (cultural, household), and environmental variables. No specific group of variables was associated with the presence of helminth infection. The variables with a significant ( p < 0:05) or marginally significant (0:15 < p < 0:05) association were the age of the child (child); washing hands after defaecation (behavioural); age of the mother (cultural); garbage disposal, type of house, type of floor, latrine (household); and type of settlement (environmental). Table 2 shows the final model with the variables that were still independently ( p < 0:15) associated with the presence of helminth eggs in the children's faecal specimens. There was an independent association of the outcome with variables of different type: individual (age of the child), cultural (age of marriage of the mother), household (presence of garbage bin in the household), and environmental (type of settlement). The low residual correlation estimated by the model (expressing the marginal linear dependence among the children of the same household having adjusted for the reported cofactors), reported at the bottom of Table 2 , suggests that there were no other cofactors (genetic, economic, etc.) than those included in the analysis, explaining any cluster aggregation.
Discussion
The present study was designed to utilize the intensity of infection with intestinal helminths as the dependent variable in the statistical analysis. The unexpected low prevalence and intensity of infection detected in the area made this procedure unreliable. For the same reason it was impossible to conduct an analysis of risk factors for each parasite and the final model only takes into account the presence or absence of one or more of the different intestinal helminths. This, and the cross-sectional design, appears to be the main limitation of the study. However, giving the large sample size and the particularly accurate technique used for diagnosis of infection, the study maintains its value in the determination and ranking of the different risk factors.
Infection with intestinal helminths was associated with a wide range of variables and patterns of infection were defined by community, household, and individual factors. Among individual factors, age predisposition (4-5 years) was confirmed as the major determinant of infection. Two household factors emerged in the final multivariate logistic model as associated with infection: the absence of a garbage bin in the household and the age of marriage of the mother. These seem to be cumulative indicators of other related risk factors. The first is poor hygiene and low socioeconomic status of the household, and the second is maternal illiteracy, large number of children and crowding in the household. The association between these factors in each subgroup was shown to be relevant in a former analysis. 16 Finally, children living in a river or desert village were exposed to a higher risk of infection than town residents. This can be considered as a cumulative indicator of a low level of communal services (sewage and garbage collection and disposal, water supply).
In conclusion, the present study confirms that determinants of infection for intestinal helminths are not limited to individual factors, but are related to household and community conditions, supporting the need for a multi sectoral approach to the control of intestinal helminths. As advocated by the World Health Organization, 22 the control of the infection in the community can only be achieved through a coordinated effort in the community, which includes improved sanitation in the village, health education for mothers, and chemotherapy for infected children.
